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(57) ABSTRACT 

A heat sink uses a pump assembly to generate a magnetic 
?eld. Flow directions of electrically and thermally conduc 
tive liquid ?owing through multiple pipes that go through 
the pump assembly are dependent on an orientation of the 
magnetic ?eld and/or the direction of electrical current 
induced across ?owing ?uid in the magnetic ?eld. In such a 
manner, cool liquid may be directed toward a heat source 
and warmer liquid may be directed to ?ow away from the 
heat source, where heat transfer occurs between the liquid 
and the heat sink. Additional pump assemblies that generate 
separate magnetic ?elds may be used to increase ?uid ?ow 
volume, thereby increasing heat transfer away from the heat 
source. 

20 Claims, 11 Drawing Sheets 



U.S. Patent Sep. 11,2007 Sheet 1 0f 11 US 7,269,007 B2 

1 8.2m v .QI 



U.S. Patent Sep. 11,2007 Sheet 2 0f 11 US 7,269,007 B2 

T28 26 

T24 

Microprocessor FIG. 2 Prior Art 

Crystal Oscillator 
221 | 



U.S. Patent Sep. 11,2007 Sheet 3 0f 11 US 7,269,007 B2 

J50 J54 
J52 

FIGURE 3 PI'IO!’ Art 



U.S. Patent Sep. 11,2007 Sheet 4 0f 11 US 7,269,007 B2 

§ 6E 



U.S. Patent Sep. 11,2007 Sheet 5 0f 11 US 7,269,007 B2 

ww 



U.S. Patent Sep. 11,2007 Sheet 6 0f 11 US 7,269,007 B2 

FIG. 6A 

FIG. 6B 



U.S. Patent Sep. 11,2007 Sheet 7 0f 11 US 7,269,007 B2 

FIG. 6C 

FIG. 7A 



U.S. Patent Sep. 11,2007 Sheet 8 0f 11 US 7,269,007 B2 

FIG. 7B 

FIG. 7C 





U S. Patent Sep. 11,2007 Sheet 10 0f 11 US 7,269,007 B2 



U.S. Patent Sep. 11,2007 Sheet 11 0f 11 US 7,269,007 B2 

82 

84 

FIG. 12 



US 7,269,007 B2 
1 

MAGNETO-HYDRODYNAMIC HEAT SINK 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

The present application contains subject matter that may 
be related to the subject matter in the following US. 
applications ?led on Sep. 6, 2005 and assigned to the 
assignee of the present application: “Magneto-Hydrody 
namic Heat Sink” (Ser. No. 11/220,177); and “Magneto 
Hydrodynamic Heat Sink” (Ser. No. 11/219,964). 

BACKGROUND 

A computer system 10, as shoWn in FIG. 1, includes 
several components that are collectively used by a user to 
perform various functions such as, for example, preparing 
and generating a document With a Word processor applica 
tion. With the computer system 10, the user may input data 
to a computing portion 12 using peripheral devices such as 
a keyboard 14 or a mouse 16. Data may also be provided to 
the computing portion 12 using data storage media (e.g., a 
?oppy disk or a CD-ROM (not shoWn)). The computing 
portion 12, using memory and other internal components, 
processes both internal data and data provided to the com 
puting portion 12 by the user to generate data requested by 
the user. The generated data may be provided to the user via, 
for example, a display device 18 or a printer 20. The 
computing portion 12 of a computer system typically 
includes various components such as, for example, a poWer 
supply, disk drives, and the electrical circuitry required to 
perform the necessary and requested operations of the 
computer system. 
As shoWn in FIG. 2, the computing portion 12 may 

contain a plurality of circuit boards 22, 24, 26, 28 (e.g., 
printed circuit boards (PCBs) or printed Wiring boards 
(PWBs)) on Which various circuit components are imple 
mented. For example, a computing portion designed to have 
enhanced sound reproducing capabilities may have a circuit 
board dedicated to implementing circuitry that speci?cally 
operate to process data associated With the reproduction of 
sound. 

In FIG. 2, the components of exemplary circuit board 22 
are shoWn. A crystal oscillator 30 provides a reference of 
time to various integrated circuits (ICs) 32, 34, 36, 38, 40, 
42 (e.g., application speci?c integrated circuits (ASICs), 
?eld-programmable gate arrays (FPGAs), microprocessors, 
logic gates) that are connected to the circuit board 22. The 
integrated circuits 32, 34, 36, 38, 40, 42 communicate With 
one another, i.e., pass data, using Wires or traces of conduc 
tive material (e.g., copper (shoWn, but not labeled)) embed 
ded in the circuit board 22. 

In operation, an integrated circuit, such as those shoWn in 
FIG. 2, dissipates heat as a result of Work performed by the 
integrated circuit. Energy that is needed by the integrated 
circuit for Work is not consumed With 100% e?iciency, 
thereby resulting in excess energy that is released, among 
other things, as heat. As integrated circuits become more 
dense (i.e., more transistors per unit area) and faster (i.e., 
higher operating frequencies), they generate more heat. As 
excessive heat is damaging to an integrated circuit both in 
terms of performance and component integrity, an important 
design consideration involves ensuring that heat dissipated 
by an integrated circuit is su?iciently draWn aWay from the 
integrated circuit, Where the e?iciency of draWing aWay heat 
from the integrated circuit is expressed in terms of What is 
referred to as the “heat transfer rate.” 
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2 
“Heat sinks” are devices that are commonly used to cool 

integrated circuits. FIG. 3 shoWs a heat sink 50 as used With 
an integrated circuit 52 housed in a package 54 atop a 
substrate 56. The heat sink 50 is made of a high thermal 
conductivity metal (e.g., copper or aluminum). A “high 
thermal conductivity metal” is one that alloWs heat to pass 
through it because it contains many free electrons. 
A base of the heat sink 50 is secured over the integrated 

circuit 52 by, for example, a retention clip (not shoWn) or an 
adhesive or thermal interface material (shoWn, but not 
labeled). During operation of the integrated circuit 52, the 
temperature of the integrated circuit 52 increases due to 
increased particle movement resulting from a build-up of 
excess energy. The increased integrated circuit temperature 
results in an increase in the temperature of the package 54, 
and consequently, of the heat sink 50. The increased tem 
perature of the heat sink 50 results in an increase in the 
temperature of the air around the heat sink 50, Whereby the 
heated air rises and effectively draWs heat aWay from the 
integrated circuit 52. This process is referred to as “convec 
tion.” 
The removal of heat dissipated from an integrated circuit 

by a heat sink is dependent on numerous factors. For 
example, the thermal resistance of the package that houses 
the integrated circuit affects hoW much heat transfers from 
the integrated circuit to the heat sink. Also, the effectiveness 
of the adhesives betWeen the integrated circuit and its 
package and the package and the heat sink affects how much 
heat transfers betWeen these components. Moreover, the 
conductivity of the materials used in the package and the 
heat sink has a direct bearing on the amount of heat that is 
transferred aWay from the integrated circuit. The surface 
area of the heat sink is also important as more surface area 
results in more air being heated, thereby resulting in more 
heat being draWn aWay from the integrated circuit by the 
rising heated air. 

SUMMARY 

According to one aspect of one or more embodiments of 

the present invention, a computer system comprises an 
integrated circuit and a heat sink operatively connected to 
the integrated circuit, Where the heat sink comprises: a ?rst 
pipe arranged to carry thermally and electrically conductive 
?uid through the heat sink; a second pipe arranged to carry 
the ?uid through the heat sink; and a pump assembly 
arranged to house at least a portion of each of the ?rst pipe 
and the second pipe, Where a direction of ?uid ?oW in the 
?rst pipe and a direction of ?uid ?oW in the second pipe is 
dependent on electrical current induced through a magnetic 
?eld having the same direction across the at least a portion 
of each of the ?rst pipe and the second pipe. 

According to another aspect of one or more embodiments 
of the present invention, a method of cooling an integrated 
circuit With a heat sink comprises: generating a magnetic 
?eld; propagating thermally and electrically conductive ?uid 
through the heat sink and the magnetic ?eld With a ?rst pipe; 
propagating the ?uid through the heat sink and the magnetic 
?eld With a second pipe; and inducing electrical current 
through the magnetic ?eld, Where a direction of the magnetic 
?eld is the same across ?uid in at least a portion of each of 
the ?rst pipe and the second pipe, and Where a direction of 
?uid ?oW in the ?rst pipe and a direction of ?uid ?oW in the 
second pipe is dependent on the inducing and the generating. 
According to another aspect of one or more embodiments 

of the present invention, a heat sink comprises: a body 
having a plurality of ?ns arranged to dissipate heat; a pump 
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assembly disposed over a top surface of the body, the pump 
assembly arranged to generate a magnetic ?eld; a ?rst pipe 
arranged to carry thermally and electrically conductive ?uid 
through the heat sink, a portion of the ?rst pipe being 
partially housed in the pump assembly; a second pipe 
arranged to carry the ?uid through the heat sink, a portion of 
the second pipe being partially housed in the pump assem 
bly, Where a direction of the magnetic ?eld is the same 
across the portion of the ?rst pipe and the portion of the 
second pipe; and a heat exchanger assembly disposed along 
a bottom surface of the body, the heat exchanger assembly 
being operatively connected to the ?rst pipe and the second 
pipe. 

Other aspects and advantages of the invention Will be 
apparent from the folloWing description and the appended 
claims. 

BRIEF DESCRIPTION OF DRAWINGS 

FIG. 1 shoWs a computer system. 
FIG. 2 shoWs a portion of a computer system. 
FIG. 3 shoWs a heat sink as used With an integrated 

circuit. 
FIG. 4A shoWs a side vieW of a heat sink in accordance 

With an embodiment of the present invention. 
FIG. 4B shoWs a side vieW of a heat sink in accordance 

With an embodiment of the present invention. 
FIG. 4C shoWs a side vieW of a heat sink in accordance 

With an embodiment of the present invention. 
FIG. 5 shoWs a top vieW of a heat sink in accordance With 

an embodiment of the present invention. 
FIG. 6A shoWs a portion of a heat sink in accordance With 

an embodiment of the present invention. 
FIG. 6B shoWs a portion of a heat sink in accordance With 

an embodiment of the present invention. 
FIG. 6C shoWs a portion of a heat sink in accordance With 

an embodiment of the present invention. 
FIG. 7A shoWs a portion of a heat sink in accordance With 

an embodiment of the present invention. 
FIG. 7B shoWs a portion of a heat sink in accordance With 

an embodiment of the present invention. 
FIG. 7C shoWs a portion of a heat sink in accordance With 

an embodiment of the present invention. 
FIG. 8 shoWs a portion of a heat sink in accordance With 

an embodiment of the present invention. 
FIG. 9 shoWs a portion of a heat sink in accordance With 

an embodiment of the present invention. 
FIG. 10 shoWs a bottom vieW of a heat sink in accordance 

With an embodiment of the present invention. 
FIG. 11A shoWs a portion of a heat sink in accordance 

With an embodiment of the present invention. 
FIG. 11B shoWs a portion of a heat sink in accordance 

With an embodiment of the present invention. 
FIG. 12 shoWs a portion of a heat sink in accordance With 

an embodiment of the present invention. 

DETAILED DESCRIPTION 

Embodiments of the present invention relate to a heat sink 
that “cools” an integrated circuit using ?oWing ?uid that 
carries heat aWay from the integrated circuit. The heat sink 
uses a plurality of pump assemblies that generate magnetic 
?elds to drive ?uid ?oW. Accordingly, such a heat sink is 
referred to herein as a “magneto-hydrodynamic” heat sink. 

FIG. 4A shoWs a side vieW of an exemplary heat sink 60 
in accordance With an embodiment of the present invention. 
The heat sink 60 has a number of “?ns” 62 that increase the 
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4 
amount of surface area of the heat sink 60 that is exposed to 
the outside air, thereby resulting in increased heat exchange 
betWeen the heat sink 60 and the outside air. Pump assem 
blies 64 (further described beloW With reference to FIGS. 
5-9) are disposed along a top side of the heat sink 60. 

Pipes 66 go through the pump assemblies 64. In an 
embodiment of the present invention, each pipe 66 is formed 
of tWo pipes bonded together. Further, as more clearly 
shoWn in FIGS. 4B and 4C, pipes 66 go through and may be 
integral With the heat sink 60. In one or more embodiments 
of the present invention, the tWo pipes that make up each 
pipe 66 may be formed of copper. Further, in one or more 
embodiments of the present invention, the tWo pipes that 
make up each pipe 66 may be at least partially electrically 
non-conductive. 
As shoWn in FIGS. 4A, 4B, and 4C, a heat exchanger 

assembly 68 (further described beloW With reference to 
FIGS. 10-12) is disposed along a bottom side of the heat sink 
60. Pipes 66 are arranged to connect to the heat exchanger 
assembly 68. The heat exchanger assembly 68 is arranged to 
attach to a heat source, such as, for example, an integrated 
circuit (not shoWn). 

In one or more embodiments of the present invention, a 
heat sink may have a different ?n con?guration than that 
shoWn in FIGS. 4A, 4B, and 4C. Further, those skilled in the 
art Will note that the heat sink 60 shoWn in FIGS. 4A, 4B, 
and 4C is not necessarily to scale and is not limited to a 
particular length, Width, and/or height. 

Further, although the heat sink 60 shoWn in FIGS. 4A, 4B, 
and 4C has three pump assemblies 64, in one or more other 
embodiments of the present invention, a different number of 
pump assemblies may be used. Further, in one or more 
embodiments of the present invention, pipes 66 may be 
formed of one or three or more pipes bonded together. 

FIG. 5 shoWs a top vieW of heat sink 60 in accordance 
With an embodiment of the present invention. A plurality of 
pump assemblies 64 (further described beloW With reference 
to FIGS. 6-9) are disposed along a top side of the heat sink 
60. Pipes 66, Which are each formed of tWo pipes bonded 
together, each go through one of the pump assemblies 64. 
As shoWn in FIG. 5, the pump assemblies 64 are rectan 

gular in shape. HoWever, in one or more other embodiments 
of the present invention, one or more of the pump assemblies 
64 may be of a different shape or geometry. 

FIGS. 6A, 6B, and 6C shoW a portion of heat sink 60 in 
accordance With an embodiment of the present invention. 
Particularly, FIGS. 6A and 6C shoW an exemplary pump 
assembly 64. The pump assembly 64 is at least partially 
formed of a ferromagnetic metal piece 74 that is connected 
to magnets 70 that are disposed on opposite sides of pipe 66. 
The magnets 70 are arranged such that a magnetic ?eld is 
induced betWeen the magnets 70 across the pipe 66. For 
example, in one or more embodiments of the present inven 
tion, a north pole of a magnet 70 disposed on one side of the 
pipe 66 faces the pipe 66, While a south pole of a magnet 70 
disposed on an opposing side of the pipe 66 faces the pipe 
66. 

In one or more embodiments of the present invention, the 
ferromagnetic metal piece 74 may be formed of, for 
example, iron, nickel, and/or cobalt. Further, in one or more 
embodiments of the present invention, the ferromagnetic 
metal piece 74 may be formed of a plurality of ferromagnetic 
metal pieces. The ferromagnetic metal piece 74 may be used 
to at least partially shield a magnetic ?eld generated using 
magnets 70. In one or more other embodiments of the 
present invention, a ferromagnetic metal piece may be 
implemented around a pump assembly so as to more fully 
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shield a magnetic ?eld induced by magnets in the pump 
assembly. In one or more other embodiments of the present 
invention, a ferromagnetic metal piece may be implemented 
around a plurality of pump assemblies so as to more fully 
shield the magnetic ?elds induced in the plurality of pump 
assemblies. 

At least the portions of pipe 66 residing in the pump 
assembly 64 may be electrically non-conductive. Electri 
cally conductive metal pieces 72 are positioned along por 
tions of each of the tWo pipes forming pipe 66. Although 
FIGS. 6A and 6C shoW only one electrically conductive 
metal piece 72 positioned along a portion of each of the tWo 
pipes forming pipe 66, additional electrically conductive 
metal pieces (not shoWn) may be respectively positioned 
along another portion of each of the tWo pipes forming pipe 
66. 

In one or more embodiments of the present invention, a 
voltage is applied across electrically conductive metal pieces 
disposed on either side of the pipes forming pipe 66, thereby 
causing one of the electrically conductive metal pieces to 
have a higher voltage than the other, Which, in turn, causes 
electrical current ?oW betWeen electrically conductive metal 
pieces and through electrically conductive ?uid ?oWing in 
pipe 66. 

In one or more embodiments of the present invention, an 
electrically conductive metal piece disposed along a portion 
of a side of a pipe forming pipe 66 may be, for example, 
copper foil. 

FIG. 7A shoWs a portion of heat sink 60 in accordance 
With an embodiment of the present invention. The direction 
of ?uid ?oW in pipe 66 is controlled by the orientation and 
polarities of magnets 70 and electrically conductive metal 
pieces 72 disposed in pump assembly 64. Particularly, FIG. 
7A shoWs a cut-aWay vieW of pump assembly 64. Electri 
cally conductive metal pieces 72 may be positioned along 
top portions of the pipes forming pipe 66 as shoWn in FIG. 
7B. Electrically conductive metal pieces 72 may also be 
positioned along bottom portions of the pipes forming pipe 
66 as shoWn in FIG. 7C. Those skilled in the art Will note 
that the portions of pipe 66 along With electrically conduc 
tive metal pieces 72 are disposed may be electrically non 
conductive. 

FIG. 8 shoWs a portion of heat sink 60 in accordance With 
an embodiment of the present invention. Particularly, FIG. 8 
shoWs ?uid ?oW (indicated by arroWs) in the pipes forming 
pipe 66. A magnetic ?eld, linear in direction, is induced 
across pipe 66 by magnets 70 (magnetic ?eld direction 
indicated by arroWs). Through use of the electrically con 
ductive metal pieces (not shoWn) disposed along portions of 
the pipes forming pipe 66, current ?oW is induced across the 
electrically conductive ?uid ?oWing in pipe 66. 

Current is applied to the electrically conductive metal 
pieces (not shoWn) such that for one of the pipes forming 
pipe 66, current ?oWs out of the plane of the draWing shoWn 
in FIG. 8, and for the other of the pipes forming pipe 66, 
current ?oWs into the plane of the draWing shoWn in FIG. 8. 
In such a manner, due to general physics principles knoWn 
to those skilled in the art, ?uid in one of the pipes forming 
pipe 66 ?oWs in an opposite direction to the ?oW of ?uid in 
the other of the pipes forming pipe 66. Such ?uid ?oW 
(indicated by arroWs) can also be seen in FIG. 9. 

Those skilled in the art Will note that in one or more other 
embodiments of the present invention, the directions of ?uid 
?oW in pipe 66 as shoWn in FIGS. 8 and 9 may be reversed 
by (i) changing the orientation of the poles of magnets 70 
and/or (ii) changing the direction of electrical current ?oW 
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6 
induced betWeen the electrically conductive metal pieces 
disposed along portions of pipe 66. 

Further, those skilled in the art Will note that the rate of 
?uid ?oW in pipe 66 may be adjusted by (i) adjusting the 
strength of magnets 70 and/ or (ii) adjusting the magnitude of 
electrical current ?oW betWeen the electrically conductive 
metal pieces disposed along portions of pipe 66. 
By controlling ?uid ?oW direction and rate as shoWn and 

described With reference to FIGS. 8 and 9, a pump assembly 
64 draWs “heated” liquid aWay from a heat source and 
directs “cooled” liquid toWard the heat source. More spe 
ci?cally, liquid near a heat source attached along a bottom 
of heat sink 60 is heated by the heat source and then draWn 
aWay from the heat source through the heat sink 60 by a 
pump assembly 64. As the “heated” liquid is propagated 
through the heat sink 60, heat is dissipated via, for example, 
heat sink ?ns 62. In other Words, the ?uid in heat sink 60 is 
thermally conductive, and accordingly, absorbs heat gener 
ated by the heat source and dissipates the heat to outside air 
via, for example, heat sink ?ns 62. This liquid, Which has 
noW dissipated heat absorbed previously from the heat 
source, is then re-circulated back through the heat sink 60 to 
the heat source by the pump assembly 64 for further “cool 
ing” of the heat source. 

FIG. 10 shoWs a bottom vieW of heat sink 60 in accor 
dance With an embodiment of the present invention. Par 
ticularly, FIG. 10 shoWs that heat exchanger assembly 68 is 
attached to the bottom of heat sink 60. In one or more 
embodiments of the present invention, the heat exchanger 
assembly 68 may be formed of copper. 

In one or more embodiments of the present invention, the 
heat exchanger assembly 68 is formed of tWo cavities. A 
bottom cavity 80 is shoWn in FIG. 11A, and a top cavity 82 
is shoWn in FIG. 11B. Pipes forming the pipes 66 are 
connected to one of the tWo cavities 80, 82. 

Each of the cavities 80, 82 handles ?uid ?oW in one 
direction as shoWn, for example, in FIG. 12. In FIG. 12, ?uid 
in cavity 82 ?oWs from left to right (indicated by arroWs), 
and ?uid in cavity 80 ?oWs from right to left (indicated by 
arroWs). Further, heat transfer (indicated by arroWs) occurs 
betWeen the ?uid in cavities 80, 82, thereby propagating heat 
aWay from a heat source 84 to ?uid that carries the heat 
through the heat sink 60. 

Advantages of the present invention may include one or 
more of the folloWing. In one or more embodiments of the 
present invention, because a heat sink uses a pump assembly 
that generates a magnetic ?eld to drive ?uid ?oW Within the 
heat sink, the ?uid ?oW rate may be increased, thereby 
resulting in increased heat transfer from a heat source to heat 
sink ?ns that dissipate heat to outside air. 

In one or more embodiments of the present invention, a 
heat sink pump assembly for generating a magnetic ?eld to 
drive ?uid ?oW Within the heat sink is at least partially 
shielded. 

In one or more embodiments of the present invention, a 
heat sink uses a pump assembly for generating a magnetic 
?eld to induce particular ?uid ?oW, Where “cooled” ?uid is 
directed toWard a heat source and “heated” liquid is directed 
aWay from the heat source, thereby resulting in a “cooling” 
of the heat source. 

In one or more embodiments of the present invention, a 
heat sink pump assembly for generating a magnetic ?eld to 
drive ?uid ?oW Within the heat sink is rectangular and 
compact in design. 

In one or more embodiments of the present invention, 
?uid ?oW Within a heat sink may be easily changed so as to 
reverse the direction of ?uid ?oW. 
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In one or more embodiments of the present invention, 
?uid ?oW Within a heat sink may be reversed by changing 
the direction of electrical current induced in a pump assem 
bly through Which the ?uid ?oWs. 

In one or more embodiments of the present invention, 
?uid ?oW Within a heat sink may be reversed by changing 
the orientation of poles of magnets in a pump assembly 
though Which the ?uid ?oWs. 

In one or more embodiments of the present invention, a 
plurality of pump assemblies of a heat sink use separate 
magnetic ?elds, thereby providing the ability for particularly 
controlling ?uid ?oW rates. 

While the invention has been described With respect to a 
limited number of embodiments, those skilled in the art, 
having bene?t of this disclosure, Will appreciate that other 
embodiments can be devised Which do not depart from the 
scope of the invention as disclosed herein. Accordingly, the 
scope of the invention should be limited only by the attached 
claims. 

What is claimed is: 
1. A computer system, comprising: 
an integrated circuit; 
a heat sink operatively connected to the integrated circuit, 

the heat sink comprising: 
a ?rst pipe arranged to carry thermally and electrically 

conductive ?uid through the heat sink, 
a second pipe arranged to carry the ?uid through the 

heat sink, and 
a pump assembly arranged to house at least a portion of 

each of the ?rst pipe and the second pipe, Wherein a 
direction of ?uid ?oW in the ?rst pipe and a direction 
of ?uid ?oW in the second pipe is dependent on 
electrical current induced through a magnetic ?eld 
having the same direction across the at least a portion 
of each of the ?rst pipe and the second pipe. 

2. The computer system of claim 1, Wherein at least a 
portion of the ?rst pipe and at least a portion of the second 
pipe are bonded together. 

3. The computer system of claim 1, Wherein at least a 
portion of the ?rst pipe in the pump assembly and at least a 
portion of the second pipe in the pump assembly are 
electrically non-conductive. 

4. The computer system of claim 1, the heat sink further 
comprising: 

a heat exchanger assembly operatively connected to the 
?rst pipe and the second pipe. 

5. The computer system of claim 4, Wherein the heat 
exchanger assembly is disposed along a bottom portion of 
the heat sink. 

6. The computer system of claim 4, Wherein the heat 
exchanger is arranged to attach to the integrated circuit. 

7. The computer system of claim 4, the heat exchanger 
assembly comprising: 

a ?rst cavity arranged to channel ?uid in a ?rst direction, 
the ?rst cavity being operatively connected to the ?rst 
pipe; and 

a second cavity arranged to channel ?uid in a second 
direction, the second cavity being operatively con 
nected to the second pipe. 

8. The computer system of claim 7, Wherein the ?rst 
direction is opposite to the second direction. 

9. The computer system of claim 1, Wherein the pump 
assembly is disposed over a top portion of the heat sink. 

10. The computer system of claim 1, Wherein ?uid ?oW in 
the ?rst pipe is opposite in direction to ?uid ?oW in the 
second pipe dependent on the magnetic ?eld. 
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8 
11. The computer system of claim 1, the pump assembly 

comprising: 
a ferromagnetic metal piece arranged to at least partially 

shield the magnetic ?eld; 
a ?rst magnet attached to the ferromagnetic metal piece; 

and 
a second magnet attached to the ferromagnetic metal 

piece, 
Wherein the magnetic ?eld is induced by the ?rst magnet 

and the second magnet. 
12. The computer system of claim 1, the pump assembly 

comprising: 
a ?rst electrically conductive metal piece disposed along 

a portion of the ?rst pipe residing in the pump assem 
bly; and 

a second electrically conductive metal piece disposed 
along another portion of the ?rst pipe residing in the 
pump assembly. 

13. The computer system of claim 12, Wherein current 
?oW is induced betWeen the ?rst electrically conductive 
metal piece and the second electrically conductive metal 
piece. 

14. A method of cooling an integrated circuit With a heat 
sink, comprising: 

generating a magnetic ?eld; 
propagating thermally and electrically conductive ?uid 

through the heat sink and the magnetic ?eld With a ?rst 
Plpe; 

propagating the ?uid through the heat sink and the mag 
netic ?eld With a second pipe; and 

inducing electrical current through the magnetic ?eld, 
Wherein a direction of the magnetic ?eld is the same 

across ?uid in at least a portion of each of the ?rst pipe 
and the second pipe, 

Wherein a direction of ?uid ?oW in the ?rst pipe and a 
direction of ?uid ?oW in the second pipe is dependent 
on the inducing and the generating. 

15. The method of claim 14, further comprising: 
at least partially shielding the generating. 
16. The method of claim 14, further comprising: 
adjusting a rate of ?uid ?oW in at least one of the ?rst pipe 

and the second pipe, the adjusting comprising at least 
one of adjusting the generating and adjusting the induc 
ing. 

17. A heat sink, comprising: 
a body having a plurality of ?ns arranged to dissipate heat; 
a pump assembly disposed over a top surface of the body, 

the pump assembly arranged to generate a magnetic 
?eld; 

a ?rst pipe arranged to carry thermally and electrically 
conductive ?uid through the heat sink, a portion of the 
?rst pipe being partially housed in the pump assembly; 

a second pipe arranged to carry the ?uid through the heat 
sink, a portion of the second pipe being partially housed 
in the pump assembly, Wherein a direction of the 
magnetic ?eld is the same across the portion of the ?rst 
pipe and the portion of the second pipe; and 

a heat exchanger assembly disposed along a bottom 
surface of the body, the heat exchanger assembly being 
operatively connected to the ?rst pipe and the second 
pipe. 

18. The heat sink of claim 17, the pump assembly 
comprising: 

a ?rst magnet; and 
a second magnet, Wherein the magnetic ?eld is induced 

betWeen the ?rst magnet and the second magnet. 



US 7,269,007 B2 
9 10 

19. The heat sink of claim 17, the pump assembly 20. The heat sink of claim 19, Wherein a direction of ?uid 
comprising: How in the ?rst pipe and a direction of ?uid How in the 

a ?rst electrically conductive piece disposed along a ?rst second pipe is dependent on electrical current induced 
non-electrically conductive portion of the ?rst pipe betWeen the ?rst electrically conductive piece and the sec 
partially housed in the pump assembly; and 5 ond electrically conductive piece through the magnetic ?eld. 

a second electrically conductive piece disposed along a 
second non-electrically portion of the ?rst pipe partially 
housed in the pump assembly. * * * * * 


